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Sedion I
INTRODUCTION

Muscular strength is the capacity to exert force under static conditions. During the contrac-
tion period, the length of the muscles involved stays constant. No limb motion accompanies this
isometric force exertion. By excluding dynamics, the experimentcr avoids complicated physics, but
he also finds himself in the dilemma that the strength data he measures have rather limited appli-
cation. They are directly meaningful only for static conditions when force exertion is not accom-
panied by motion.

In 1957 Hunsicker and Greey compiled some 80 studies on human muscle strength. Since
then, at least 20 other studies have been reported, e.g., by Anthropology Section, 1963; Asmussen
and Heeboll-Nielsen, 1961, 1962; Caldwell, 1959a, b, 1960, 1962, 1964a, b; Dempster, 1958, 1961;
K. Fox, 1957; W. F. Fox, 1967; Garrett, Alexander, and Bennett, 1967; Konz and Day, 1966; Mol-
bech, 1963; Pierce, 1960; Roberts, Provins, and Morton, 1959; Rohmert, 1960a, 1966; Streimer and
Springer, 1963; Tornvall, 1963; and Watt, 1963.

Results of such studies that are significant for engineering purposes were recently compiled
by Damon, Stoudt, and McFarland, 1966; Kroemer, 1967a; Lehmann, 1982; McCormick, 1964;
Morgan et al, 1963; Murrell, 1965; Scherrer, 1967; Wilkie, 1960; and Woodson and Conover, 1964.
Strength data also appear in military manuals, such as the Handbook of Instructions for Aero-
space Personnel Subsystems Design (HIAPSD).

These publications provide rather complete information on the range of static forces that can
be exerted by seated subjects, but very little information on standing subjects. Of the few force
data of •tanding subjects, most were measured while the subjects posed in "standard" lody pos-
tures, i.e., generally standing erect and with no other body support than the floor available.

While trying to push or pull very hard, a person generally does not stand erect, but rather in-
clines his body and bends his legs, trunk, and arms. According to the axiom of action=reaction,
the force actively exerted is limited by the reaction force available. Hence, he tries to anchor his
feet securely, and/or brace the body against a firm support, etc. In general, he seeks to position
the body so that his strongest muscles can be fully activated, his body weight used, and the chain
of force vectors fron; the supporting structures through his body to the point of force application
kept as simple and effective as possible.

Dempster (1958) approached the problem of force capabilities of the standing operator in
just such a "realistic" way. He measured the two-handed maximal pul! forces of one subject in sev-
eral common body postures. This report describes procedures and results of experiments con-
ducted to measure static push forces exerted in common standing positions.
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2 cm in diameter. Into these holes, iron rods (1.5 cm in diameter and 80 cm long) can be inserted
horizontally and parallel to the front side of the frame. If only one rod is inserted into opposite
holes (4 the bottom angles, a wooden foosrest (61 by 6 by 6 cm) can be hooked to it, so that this
footrest lie, on the bottom plywood (which from now on is referred to as the 'Boor"). If one rod
each is inserted horizontally into two bottom and two top holes, respectively, a emmo able uvl can
be hooked onto the top rod to rest against the bottom rod so that it does not give way if pressed
against. This wall, 61 cm wide and 215 cm high, consists of plywood., reinforced on th, back with
aluminum angles.

By means of the holes in the frame and the rods inserted into them, either the footrest or the
wall can be adjusted in steps of 5 cm to distances from 25 to 200 cm from the stationary vertical
plywood front.

2. The push panel consists of an oval-shaped ring of stainless steel, mounted centrally be-
tween two aluminum plates. These plates are 25 cm wide, 20 cm high, and 1 cm thick; the hori-
zontal distance between the two outside surfaces is 14 cm. One of the plates slides between two
U-shaped aluminum angles, bolted vertically to the plywood which fills in the front side of the
iron frame. By inserting pins into holes in one of the U-angles, the center of the protruding
surface of the push panel can be adjusted in steps of 2 cm to heights between 35 and 160 cm above
the floor.

Four strain gages are glued to the steel ring. By means of the usual Wheatstone Bridge ar-
rangement. deflection of the steel ring resulting from force applied to the push panel is shown oan
a voltmeter or permanently recorded using a Sanborn 1500 recorder. After calibration of the re-
cording system with lead weights, forces applied to the push panel can be read in kp*.

Due to design and arrangement of the push panel, only horizontal forces perpendicular to the
push panel are recorded. Readings are taken at !east to the next 2.5 kp when the force applied to
the push panel is less than 90 kp. Above 90 kp, at least the next 5 kp are read.

"*k I&xiop&m-d. f-uiry 1-*1 kWop. kg) ri dih Foe wich a tnted by. a of I kX at i pin•.
I &p e.quails 2.L5 po~rh
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Section III
EXPERIMENTAL CONDITIONS

An attempt was made to imitate, within reasonable limits, all kinds of body supports and body
postures that might occur wbile trying to push horizontally.

50DY SUPPORT
Two different conditions of support to the subject can be distinguished:

a. The subject stands on a flat horiiontal floor. No vertical surfaces are provided against
which lie can anchor his body. Reaction forces to the push he exerts are provided only by friction
between his shoes and the floor.

b. In addition to the floor, vertical surfaces are provided against which he anchors his feet
and/or braces his body. Reaction forces to the push he exerts are partly, and sometimes only, pro-
vided by contact between parts of his body and the vertical surfaces perpendicular to the direction
of push.

According to action=-reaction, the amount of reaction force available to the subject determines
the amount of force he can exert; he cannot exert any forces greater than the reaction forces avail-
able to him. If he stands on a flat floor - as in condition "a" - it is likely that the push force he
exert- its not determined by his strength, but by his intention to prevent his feet from sliding on
tbe floor so he won.- fall. Under this condition, the exerted push force simply reflects the reaction
force available to him at his shoes. Caldwell (1960), Dempster ( 1955, 1958) and Rohmert (1960a)
showed how pull ^,rces depend on reaction forces.

The reaction fo¶rce preventing the subject from sliding on the floor depends on the coefficient
of friction between Nis shoes and the floor and also on the force pressing shoes and floor together
(this force is partly generated by his weight). Neither one of these two factors can be controlled
easily. Therefore, it was decided to use in these experiments only infinite friction, or, in other words,
an infinite reactiun force. This was achieved by using a footrest on the floor. If the subject places
a foot against the footrest, he can'iot slicd, backward and infinite reaction force is available to
him. This artifice assured that the push forces exerted by our subjects were independent of the fric-

* tion between their shoes and the floor.

BODY POSTURE
A subject pushing against a vertical panel can either:

a. Stand freely on a horizontal floor without any other body support than the floor and
the _ootrest (this condition is called "free standing" from now on), or

b. Brace himself against the vertical wall (called "braced" from now on).

Also, he can either:

c. Exert horizontal forces in his midsagittal plane (forward or backward), or

d. Push laterally.

From all possible combinations of these four viriables, those were selected, according to com-
mon experience and to preliminary studies, that permit exertion of laige push forces. For conveni-
ence, they are divided into various conditions as illustrated in figures 2, 3 and 4:

4



"* Subject free stands, pushing either forward (experiment 1.) or laterally (experiment 2);

"* Subject braces against a vertical wall, pushing in his midsaggital plane either forward (ex-

perimerts 3, 4 and 5) or backward (experiment 6);

* Subject braces the shoulder(s) or one hand against a vertical wall, pushing with the pre-
ferred shoulder or with the preferred hand (experiments 7 through 10).

EXPERIMENT No. 1 2

70, 80, 90% 60, 70, 80%

HEIGHT ADJUSTMENTS

of the push panel of the individual Shoulder Height
(Acromial Height) of the subjects

DISTANCE ADJUSTMENTS 70, 80, 90% 60, 70, 80, 9C%

between the push panel of the individual
and the footrest Acromial Height of the subjects

Fisure 2. Subject free stands, pushing forward or laterally.

The body postures of the subjects are further determined and described by the adjustments of
the push panel and of the footrest or o! the wall, respectively.

In all but one series of experiments, the subjects had to apply force to the pusn panel either
with their hands or with their shoulders. Since the flow of force had to pass through their should-

"*Tbroughout this report, the following nomenclature is used: Each single push effort of a subject is called "trial."
"Experiment" comprises a number of trials during which the subject maintains the same type of posture and dur-
ing which body support (reaction force) is provided in the same way.

i5
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ers each time, the height of the push panel was adjusted in fractions of the shoulder height (Ac-
romial Height*) of each subject.

The horizontal distance between the vertical surface of the push panel and the opposing verti-
cal surface of the footrest or of the wall, respectively, was also adjusted individually to suit the
body dimensions of each subject. As figures 2, 3 and 4 show, the distances to the push panel were
adjusted to the individual forward reach capability (Thumb-tip Reach, experiments 3, 4, 6 and
"'I or to the lateral reach (experiment 8), to shoulder breadth (experiment 7), and to Span
(experimew, a). The individual shoulder height (Acromial Height) was used as the basis for the
distance adjustment if no other body dimension was obviously related to the experimental condi-
tions (experiments 1, 2 and 5). The fact that the push panel was adjusted to individual body di-
mensions rather than to given absolute measures should facilitate application of the experimental
data to other subject populations.

The distance adjustments were selected to cover the range from very (too) close to very (too)
far. Thus, the experiments covered the total range of the subject's reach capabilities.

Section IV
PROCEDURE

The experiments were conducted in an air-conditioned room in which one or two experiment-
ers and one subject, seldom two subjects, were present.

When the subject first came to the laboratory his body dimensions were measured.f Purpose
and procedure of the experiments were explained. While the subject was urged to exert his maxi-
mum push force and to maintain it for 5 seconds in each trial, he was also told to avoid any pos-
tures or strains that might lead to injuries.

Using a table of random numbers, the sequence of experiments I to 10, and the sequence of
trials were established.

The experimenter adjusted the height of the push panel and the distance between the push
panel and the wall or the footrest, respectively. In general terms, he instructed each subject as to
which body posture was to be used and which parts of the body were required or allowed to be
braced against the wall or the footrest. He told the subject that his palms must be held flat against
the push panel when pushes were to be exerted with the hands. The experimenter made it clear
to the subject that within the given limits he was free to choose any body posture that seemed to
be most appropriate.

When the subject had assumed the appropriate body posture, he was given an oral "start"
signal upon which he began to push on the dynantometer. The experimenter counted aloud each
second until the fifth, after which the subject relaxed. Every subject exerted his maximal push
fore once under each of the experimental conditions.

Each subject completed the 65 trials during two or more sessions on separate days. Since force
had to be exerted in each trial for only 5 seconds and since ample time for rest and recovery was

"For debitiom of the body dimensions we Appendix II.
IA date blank is reproduced im Appendix 1.



provided between each trial, muscle fatigue (Caldwell 1961, 1964b; Rohmirt 1960b, 1961) could
not occur.

Each subject had been told that he should maintain a maximum push force steadily cver a pe-
riod of 5 seconds, and that short-time peak foyw..t were not desired. After a build-up of force dur-
ing the first second, a rather constant force level was generally observed uni I the force dropped
during the last second. Each subject's score was obtained by calculating tht nean of the forces
applied during the two consecutive-second time period that yielded the highest ,nean force over
any two consecutive seconds and during which the forces applied were the most constant.* After
each force exertion the subjects were informed about the forces they had achieved.

Section V
SUBJECTS

Forty-five male students at the University of Dayton, Dayton, Ohio, served as subjects in the
main part of this study. They took part voluntarily and were paid by the hour. The experimenter
did not attempt to select certain subjects, but none were admitted with disabilities that would
prevent exertion of push force.

On each of the subjects, 27 body dimensions were measured, also noted were age and handed-
ness. Appendix I is a sample of the data blank used for the measurements. The dimensions are
defined in Appendix II.

In table I, the anthropometric data of the 45 subjects are listed together with the relevant
dimensions of 2420 rated officers of the United States Air Force.

To check the consistency of our data, the total sample of 45 subjects was arbitrarily divided
into two subgroups of 29 and 16 subjects each. No significant differences between the anthropo-
metric data nor betwteen the exerted push forces of the two groups were observed. In a pilot
study, 15 members of our laboratory exerted their maximal push forces in each trial of experiment
1. Their force data do not significantly differ from those recorded on the 45 subjects, although the
age distribution of the laboratory personnel was distinctly different (mean 26.1 years, SD 7.4
years) as opposed to the students (mean 20.7 years, SD 1.7 years).

"As a later invrttigatiom lKmemcr and Howard. 1968) showed, any other nmet fort' over the 2ad. 3rd. or 4th
wcond would hse :ieh -a result not sigirficantly different statisticoll" Irori the avwakie ef these "selecta
two se-onds.
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TABLE I

Anthropometric data of the subjects as compared to USAF personnel*. All dimensions in
centimeters (cm) except weight in kilograms (kg), grip strength in kiloponds (kp), age in years,
and handedness in percent (%).

Subjecls(n=45) USAF (n= 2420)
Dimension Mean SD Mean SD

1. Weight 76.5 11.1 78.9 9.7
2 Grip Strength 1 54.9 7.6 56.4 7.6

3. Stature 177.4 5.1 177.3 6.2
4. Acromial Height, Right 145.8 4.6 145." 5.8

5. Tibiale Height, Right 48.8 2.5 ........
6. Biceps Circ, Right

Flexed 32.0 2.6 32.7 2.3
Relaxed 29.5 2.7 30.8 2.3

7. Biceps Circ, Left
Flexed 31.5 2.7 32.1 2.2
Relaxed .29.2 2.6 30.4 2.3

8. Upper Thigh Circ, Right 55,5 5.0 58.8 4.4

9. Lower Thigh Circ, Right 40.5 3.5 ........
10. Calf Circ, Right 36.9 2.6 37.2 2.3
11. Calf Circ, Left 36.7 2.5 36.9 2.2
12. Grip Strength II 55.4 8.1 ---

13. l.At. Thumb-tip Reach 108.9 4.0 ---..

14. Thumb-tip Reach 82.2 4.4 80.3 4.0

15. Span 184.2 6.3 - -

16. Humeral Breadth, Right 7.1 0.3 7.1 0.4
17. Humeral Breadth, Left 7.1 0.3 7.1 0.4
18. Femoral Breadth, Right 9.4 0.5 10.0 0.4
19. Femoral Breadth, Left 9.4 0.5 10.0 0.5
20. Sitting Height 91.8 3.2 93.2 3.2
21. Knee Height, Right 57.2 2.3 ----

22. Bideltoid Breadth 48.3 2.5 48.2 2.6
23. Buttock-Knee Length 61.7 2.6 60.4 2.7
24. Triceps Skinfold, Right 1.4 0.5 1.3 0.5
25. Juxtanipple Skinfold, Right 1.8 0.7 1.4 0.7

26. Subscap. Skinfold, Right 1.5 0.6 1.4 0.5
27. Grip Strength I11 55.6 8.0

Age 20.7 1.7 30.0 6.3
Handedness: Right 84 89

Left 13 9

*Clauser, C. E., et a. Anthroponetry of Air Force Rated 3fOers - 1987. AMRL Technical Report in prevpration.
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Secion VI
RESULTS

The results of the experiments are presented in figures 5 through 14. In each of the tables, the
experimental conditions and results are reported in the same manner.

Illustrated by a sketch of the subject's posture, indicated are: (a) in which direction (e.g.,
forward) and with which part of the body (e.g., with both hands) th,. subjects applied force to
the push panel, (b) whether reaction force to the exerted push was supplied to the operator by
a footrest or by a wall against which he could brace himself, (c) which additional requirements
were imposed on the subjects (e.g., keep the sole of the shoe flat on the floor).

For each trial', the mean force is given as well as the standard deviation (SD), the 5th per-
centile value (5th%)f, and the number of subjects. In addition, the height adjustment of the
push panel above the floor as well as the adjustment of the horizontal distance between the push
panel and the footrest or the vertical wall (whichever was used) are reported (a) in percent of
the subjects' body dimensions and (b) in centimeters (mean and standard deviation).

The tabulated forces are also presented in graphic form. Means, standard deviations, and 5th
percentile values are plotted for each trial against the horizontal distances between push panel
and footrest or wall, respectively.

Commentaries on the experimental results follow each of the figures 5 through 15. The re-
marks are partially based on the outcome of t-tests, carried out to determine whether statistically
significant differences between the mean forces existed. The formula used was

F
SDY

where

F is the mean of the differences between each subject's forces which he exerted under the
two compared conditions,

SDF is the standard deviation of the differences,

n is the number of differences, i.e., the number of pairs of scores.

The null hylpthesis was rejected if the t-value was beyond the 5% limit of the two-tailed test.

"*lw numr•wring oIf the trials kin not inmli-at the odler of t-ting. w-hwh '-a, at random. S Snroi" IV.
[111ii iv the fortc the wrai,'-t 5-. of the suhci- poputat,,m wcid not extrd. while thy rrnumig 95% were
,tnmgrr. Th 5th pervrrntikl alt- can 1w appnmimat"l by dhdriiung 1-65 stanlhard deciatiomS from the a w•at.
The 5th prrcrri-til- 'alt's rrportrd here. hrawrrr. are 1"wd on the omntirdl wr-s o•bained w] the expennta- .
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Explwment 1

FORWARD PUSH WITH BOTH HANDS

REACTION FORCE PROVIDED BY FLOOR AND FOOTREST

At least one foot must be against the footrest with the sole flat
on the floor.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND FOOTREST

HEIGHT Horizontal DISTANCEexerted horizontally of the center betweenpush panelon the push panel of the push panel and footrest

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AH* cm cm AH* cm an

1.1 44.1 9.7 29.6 41 90 131.3 4.2 70 102.0 3.2
1.2 45.7 9.5 30.9 41 90 80 116.6 3.7
1.3 49.4 8 1 37.5 41 90 90 131.3 4.2

1.4 55.6 12.9 36.1 41 80 116.6 3.7 70 102.0 3.2
1.5 55.3 12.5 38.0 41 80 80 116.6 3.7
1.6 54.3 8.3 39.8 41 80 90 131.3 4.2

1.7 63.6 15.0 41.2 41 70 102.0 3.2 70 102.0 3.2
1.8 70.1 15.7 48.7 41 70 80 116.6 3.7
1.9 50.7 13.5 38.6 41 70 90 1313 4.2

"Acrinial Height (Shoulder Height); we Appendix I1.

Mgsr. S. htoms of exiodmom 1.

12
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Body Poaf"o

All subjects could easily follow the instruction to push forward with both hands. They bent
their arms at the elbows in order to have the push pamnel close to the chin and chest. The subjects
generally kept their trunks and legs in a straight line between the footrest and the push panel.
Most subjects had only one foot against the footrest, keeping the other with little load on the floor
below the trunk; only seldom did a subject have both feet against the footrest.

Forces
Statistics - The magnitude of forces exerted as well as the spread of data are rather moderate,

the means falling between 44 and 70 kp. The statistical test of the differences between the means
yielded the following results:

1.2 o o = Null hypothesis maintained.

s=Null hypothesis reiected:
1.3 s s forces exerted at the two com-

rred conditions are sipicant.
different from each other.

1.4 s s s

1.5 s s s o

1.61 s s s o

1.8 s s s s s s s

1.9 s s s s s s s s

1.I 1.2 1.3 1.4 1.5 1.6 1.7 1.8

a Constant Height of the Push Panel - At 90% of Acrmnial Height, alternating the horizontal
distance between push panel and footrest from 70 to 80% of Acromnial Height did not have a sig-
nif cant efect on the force applied. Adjusting the distance to 90%, however, allowed the subject
to lean farther forward and to apply significantly larger forces.

At 80% of Acvxnial Height, enlarging the horizontal distance betwe-n push panel and foot-
rest did not affect the amount of force exerted.

At V% of Acmsaial Height. largest fo'vs coukl be exerted with a horizontal distance be-
tween push panel -nd footrest of 9D% of each subject's Acromial Height; increasing this distance
to 9D- or decreawsing it to 7D% reduced the forces exertahle.

*Constant Horizontal Distance Bet veen Push Parel arxl Fo' Irr-* - Reducing the height of
the push panel from 90 to 80 and to 70% of Acrnmial Height lead to increased force. This held
true for distances bet-e*n ipmh r -me- and footrest of 70. 40 or 90%, es.ivwy, of each sub-
jei's Acromial Height.

14



Condusim
Within the experimental limitatiens, reducing the height of the push panel from 90 to 80 or

70% of Acromial Height resulted in statistically significant gains with respect to tlc nieft forces
that could be applied to the push panel. If height and horizontal distance each are adjuted to ap-
proximately three-fourths of the individual's shoulder height, the diagonal distance between push
panel and footrest is close to thLe subject's shoulder height. Leaning fc-ward steeply, the subdct
can "wedge" his body between push panel and footrest and use his inucular str• ngth and his body
weight in the most effective way. In this condition, forces of about 40 kp could be exerted even
by weak (5th percentile) subjects.

15



Experiment 2

LATERAL PUSH WITH THE SHOULDER

REACTION FORCE PROVIDED BY FLOOR AND FOOTREST

The push is exerted with the priferred shoulder. At least one foot
must be against the footrest with the sole flat on the floor.

MAXIMAL STATIC PUSH FORCES ADIUSTMENTS OF PUSH PANEL AND FOOTRE

exeted horizontally HEIGHT Horizontal DISTANCE
on the push pantl of the center between ush panel

of the push panel and ootrest

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AHO cm cm AH* an cm

2.1 53.1 13.3 33.0 43 80 116.6 3.7 60 .87.4 2.8
2.2 63.2 13.2 45.1 43 80 70 102.0 3.2
2.3 64.8 13.6 40.9 43 80 80 116.6 3.7

2.4 59.2 11.2 41.5 43 70 102.0 3.2 60 87.4 2.8
2.5 71.2 12.0 56.3 43 70 70 1023 3.2
2.6 74.3 14.3 57.4 43 70 80 116.6 3.7

2.7 77.6 17.5 5N7 43 j ,60 87.4 2.8 70 102.0 3.2
2.8 87.1 18.0 62.1 43 60 80 116.6 3.7
2.9 80.8 14.7 54.6 43 60 90 131.3 442

'Acromial Height (Shoulder Height); see Appendix Ii.

Figure 6. Results of experiment 2.
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EXPERIMENT 2- Comments
Body Position

All subjects could easily follow the instruction to push laterally with the preferred shoulder.
They all kept the trunk and supporting leg in a straight line while leaning laterally towards
the push panel. And all had the outside of the foot opposite the pushing shoulder against the
footrest, keeping the other foot with little or no load below their trunk.

Forces
Statistics - The magnitude of forces as well as the spread of the data are moderate, the means

fallag between 53 and 87 kp. The statistical test of the differences between the means yielded
the following results:

2.2 s o = Null hypothesis maintained.

s=Null hypothesis rejected:
2.3 s o forces exerted at the two com-

p ared conditions are significant-
ly different from each other.

2.4 s s s

2.5 s 3 s s

2.6 s s s s o

2.7 s s s s s o

2.8 s s s s s s s

2.9 s s s s s s o s

2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8

*Constant Height of the Push Panel - Increasing the horizontal distance between push panel
and footrest from 60 to 70% of the individual Acromial Height resulted in increased force. Further
increase of the distance to 80% did not lead to a significant gain. This held true for height ad-
justments of both 80 and 70% of the Acromial Height.

At the panel height of 60% of Acromial Height, however, the horizontal distance between
push panel and footrest was not adjusted to 60% of Acromial Height, since this was found to be
too narrow a space in pilot studies. Instead, a distance adjustment of 90% of Acromial Height
(which had been found to be too large for the greater heights of the push panel) was added to the
70 and 80% adjustments. Increasing the horizontal distance from 70 to 80% led to a significant
gain in applicable force. Further increase to 90%, however, returned the force to the previous level.

e Constant Horizontal Distance Between Push Panel and Footrest - Reducing the height of
the push panel from 80 to 70% and even to 60% of Acromial Height led to increased force. This
held true for all spacings, i.e., for 60% (compare 2.1 and 2.4), 70% (compare 2.2, 2.5 and 2.7) and
for 80% of Acromial Height (compare 2.3, 2.6 and 2.8),

18



Conclusion
Within the experimental limits, reducing the height of the push panel from 80 to 70 and M0%

of Acromial Height resulted in significant aad considerable gains with respect to the mean forces
that could be applied to the push panel. Largest forces were exerted while the subject leaned at
approximately 45 degrees toward the push panel. This enabled him to "wedge" his body between
push panel and footrest and to use his muscular strength and hody weight in the most effective
way. Height adjustments of the push panel to 60 or 70% of the individuars Acromial Height and
to about three-fourths of the shoulder height for the horizontal distance between push panel and
footrest allowed even weak subjects (5th percentile) to apply approximately 55 kp.
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Expedrient 3

FORWARD PUSH WITH BOTH HANDS

REACTION FORCE PROVIDED BY A VERTICAL WALL

Both shoulders must touch the wall.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL

HEIGHT Horizontal DISTANCE
onethe puhopawly of the center between push panel

of the push panel

Trial Mean SD 5th %of Mean SD %of Mean SD
No. kp kp N AH" cm Cn TRf _ CM

3.1 59.3 14A 30.3 39 100 145.9 4.6 50 41.0 2.2

3.2 68.0 16.3 41.4 40 100 80 49.3 2.6

1.3 100.0 27.6 57.7 30 100 70 57.5 3 1

,.4 130.9 40.6 58.0 40 100 80 65.7 3.5

3.5 99.9 30.8 44.0 40 100 90 74.0 4.0

3.6 66.9) 25.9 23.3 35 100 100 82.2 4.4

"Aamanial Height (Shiulder Height); see Appendix II.
fThumb-tip Reach; see Appendix II.

111e9w 7. Iewhe eof expi,,,t! 2.
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XURIMENT 3 - Comments

Body Position

While pushing forward with both hands, the subjects placed their feet below or slightly for-
ward of their trunk. Since the subjects were required to keep both shoulders against the wall while
pushing, they had to place their fingertips instead of their palms against the push panel when the
distance between push panel and wall was adjusted to 100% of Thumb-tip Reach.

Forces

Statistics - The magnitude of exerted forces and their spread of values are considerable, the
means ranging from 59 to 131 kp. The statistical test of the differences between means yielded the
following results:

3.2 s o=Null hypothesis maintained.

s=Null hypothesis relected:
3.3 s forces exerted at the two com-

pared conditions are signifcant-
different from each other.3.4 s 5 5

3.5 s s o s

3.6 s o s s s

3.1 3.2 3.3 3.4 3.5

Effects of Distance Adjustments - Increasing the distance between push panel and wall from
50 to a0% of the individual Thumb-tip Reach allowed the subject to stretch his arms and thereby
exert increasing forces. Further adjustments, however, reduced the amount of applied force consid-
erably, since it became increasingly difficult to reach the push panel. Finally, force had to be ap-
plied with the fingertips instead of with the palms of the hand.

22



Concluslon
Adjustment of the distance between push panel and wall to about three-fourths of the sub-

ject's Thmnb-tip Reach was most effective for exertion of horizontal push force. In this expei-
ment, the straight arms could be locked between push panel and wall. Reducing the distance to
about half the reach distance or increasing it to full reach capability diminished the force sub-
stantially. When the distance corresponded to about three-fourths of the individual's reach dLtance,
about 58 kp could be exerted even by weak subjects (5th percentile).

23



Expwmefl 4

FORWARD PUSH WITH BOTH HANDS

REACTION FORCE PROVIDED BY A VERTICAL WALL

The subject choose which part of his back will touch the wall.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL

Pmt P , hcrIn,.b HEIGHT Horizontal DISTANCE
of the center betweenpsh

on the PUA panel of the push panel adwt o

Trial Mean SD 5th %O Mean SD %of Mean SD
No. p kp % N AH" an cm Thi Cn am

4.1 92.6 26.9 42.0 44 90 131.3 4.2 70 57.5 M

4.2 112.1 36.1 51.1 44 90 80 65.7 3.5

4.3 97.1 23,6 61.4 44 90 90 74.0 4.0

4.4 76.6 14.8 49.9 44 90 100 82.2 4.4

4.5 77.8 14.2 55.3 44 90 110 90.4 4.9

4.6 84.5 17.9 50.2 44 90 12D 98.6 5.3

*Acromiei Heigh (Scmlder HeigWt; wee Appendix 11.
fThuuab-tp Reach; we Appendix 11.

Fiwgr 8: ae• of eupexmeat 4.
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OUW 4T 4- Cmmtw

Body Poaffol

The subjects normally kept their shoulders against the wall when th. distance betw, . wall

and push panel was short. For greater distances, they leaned forward, having the lower part of
their backs against the wall. The subjects generally had their feet about parallel and placed them
slightly in front of their tbunks.

Forces

Statistics - The magnitude of forces exerted is considerable, but the spread of the means is
rather small, reaching from 77 to 112 kp. The statistical test of the differences between the means
yielded the following results:

4.2 0= Nt!' hypothesis maintained.

s=N,,I( hypothesis rtjected:
1.3 0 $ force .x erted at the two com-

Dared conditions are signifcant.
44from ech other.

4.4 s 3 s

4.5 s s s o

4.6 o s s s s

41 4.2 4.3 4.4 A.5

Elects of Distance Adjustnent - Maximal pus& forces coukl be exerted if the distance be-
tween push panel and wall was adjusted to between 70 and W* of the individuars Thumb-tip
Reach; the subjects could keep their 51'oulderm against the wall and press forward with their arms
almest or completely siraight, Increasing t&e distance forced the subjecs to lean forwerd from
the wall, causing a distinctly kls favorable Bow" f force vectors from the push panel through the
arms and back to the wHall thus. (-Inly signifcantly smaller forres could he applied to the push

_A_



r

Condusion
Within the experimental limits, adjustment of the distance between push -,mnel and wall to

slightly less than the individual's Thumb-tip Reach resulted in relatively large rush forces. If the
distance was at least three-fourths of the individual's forward reach, even weak subfects (5tlI per-
centile) could exert about 50 kp.

27
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Experiment 5

FORWARD PUSH WITH BOTH HANDS

REACTION FORCE PROVIDED BY A VERTICAL WALL

One foot must be placed against the wall.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL
exerted horizontally HEIGHT Horizontal DISTANCE
on the push ppml (f the center between push panel

"-f he push panel and wall
Trial Mean SD 5th % of Mean SD % of Mean SD

No. kp kp % N AH* cm Cr AH" cm cm

5.1 63.7 15.0 44.6 42 90 131.3 4.2 80 116.6 3.7
5.2 69.1 19.9 40.1 42 90 100 145.9 4.6
53 88.0 14A 68.9 37 90 120 175.0 5.6

5.4 73.0 16.5 50.0 41 7G 102.0 3.3 80 116.6 3.7
5.5 74.5 23.8 45.5 42 70 100 145.9 4.6
5.6 83.6 14.1 60.9 37 70 120 175.0 5.6

5.7 67.7 18.0 39.4 41 50 72.8 2.4 80 116.6 3.7
5.8 78.7 22.0 47.7 42 50 100 145.9 4.6
5.9 79.5 16.8 57.9 37 50 120 175.0 5.6

*Acromial Height (Should( r Height); see Appendix II.

Figure 9: Results of experiment 5.
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Experimen 5
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EXPERIMENT 5 - Comments
Body Poskion

All subjects could exert forces in the prescribed manner, that is, pushing forward with both
hands and keeping one foot flat against the wall. There was some variation, however, with respect
to whether the arms were kept straight or bent, or to which foot was placed against the wall. Gen-
erally, when the wall was close to the push panel the subjects had their arms bent, when the wall
was farther away from the push panel, they held their arms straight. No attempts were made to
control these variations.

Forces
Statistics - The magnitude of the forces is moderate and the spread of data is very small, the

means lying between 64 and 88 kp. The statistical test of the differences between the means yielded
the following results.

5.2 o o=-Null hypothesis maintained.

s=Null hypothesis rejected:
5.3 s s forces exerted at the two com-

pared conditions are significant-
"y different from each other.

5.4 s o s

5.5 s o s o

5.s s s s s s

517 o o s o o s

5.8 s s s o o o s

5.9 s s s o o o s o

5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8

* Constant Height of the Push Panel - At all three height adjustments of the push panel (i.e.,
at 90, 70 and 50% of the subjects' Acromial Heights), increasing the distance between push panel
and wall led to an increase of exertable force. When the push panel was set at greater heights (cor-
responding to 90 and 70% of Acromial Height respectively), the gain of exertable strength was
significant only if the distance was increased from 100 to 120% of Acromial Height. At the low
push panel height (adjusted to half shoulder height), however, the only significant increase oc-
curred when the space was widened from 80 to 100% of Acromial Height.

*Constant Distance between Push Panel and Wall - At a distance corresponding to 80% of
the individual's Acromial Height, lowering the height of the push panel from 90% of the Acromial
Height to 70% brought about a small but significant increase in exertabe force; further lowering to
50% of Acromial Height did not show any results.

30



If the distance between the push panel and wall was equal to the shoulder height, low"rlng
the push plate from 90 to 70%, or from 70 to 50% of Acromial Height did not cause any significant
gains in force, although there was a significant but small increase in force in the lowest as com-
pared to the highest adjustment.

At a distance adjusted to 120% of Acromial Height, lowering the push panel from 90 to 70%
of Acromial Height resulted in reducing the force that could be applied to it. A further reduction
at half shoulder height is statistically insignificant.

Conclusion
Reducing the height of the push panel from 90 to 70% of Acromial Height brought about a

gain in ýxertable force when the distance between the push panel and wall was small (70% of
Acromial Height). The subjects could lean forward towards the push panel and wedge their bodies
between wall and push panel, keeping their arms bent and the push panel close to chest and chin.
If, in contrast, the distance between push panel and wall was large (120% of Acromial Height), the
highest adjustment of the push panel (to 90% of Acromial Height) enabled the subjects to lock
their bodies with arms straight between the opposing surfaces and to exert larger forces. The dif-
ferences between the measured forces are, however, rather small. At any adjustment, even weak
subjects (5th percentile) could exert at least 40 ip.
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Experiment 6

BACKWARD PUSH

REACTION FORCE PROVIDED BY A VERTICAL WALL

The subject chooses with which part of his back he will push. He
also decides whether and how to place his hands, knees, or feet
against the wall.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL

HEIGHT Horizontal DISTANCEexerted pho naell of the center betweennsh panel
on the push panel of the push panel an wall

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AH" cm cm TRf cm cm

6.1 194.0 75.5 71.6 43 40 58.3 2.0 80 65.7 3.5

6.2 165.0 55.0 87.3 43 40 90 74.0 4.0

6.3 138.5 51.2 92.6 43 40 100 82.2 4.4

6.4 197.0 57.8 116.9 43 40 110 90.4 4.9

6.5 199.9 60.9 111.1 43 40 120 98.6 5.3

6.6 180.1 52.9 102.9 43 40 130 106.8 5.7

*Acromial Height (Shoulder Height); see Appendix II.
fThumb-tip Reach; see AppendL II.

Figure 10. Results of experiment 6.
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EXPEIMENT 6 - Comments

Body Poskt~n

No subject had any difficulty executing this backward push, although some took a relatively
long time to find the most suitable position. For the short distances between the push panel and

wall, they generally had the push panel at the middle part of their backs, their arms held straight
with their hands against the wall, and their legs bent and the knees against the wall. For the long
distances between the push panel and wall, however, the subjects had the lower part of their backs
against the push panel, their legs more or 'ess straight, and both feet against the wall; often, they
lifted their bodies off the floor, wedged between the push panel and the wall with both feet flat
against it.

Forces

Statistics - Very high forces were exerted together with a relatively small spread of the means.
They lie between 165 and 200 kp. The statistical test of the differences between the means yielded
the following results:

6.2 s o=Null hypothesis maintained.

s=Null hypothesis rejected:

6.3 s 0 forces exerted at the two com-
fyred conditions are signifcant-

different from each other.

6.4 o s s

6.5 o s s o

6.6 o o o o s

6.1 6.2 6.3 6.4 65

Effects of Distance Adjustments - At the closest distance between the push panel and Acro-
mial Height, that is, at 80% of Thumb-tip Reach, the subjects pushed very effectively backward,
having their knees and hands braced against the wall. If the distance was increased, the wall was
too far from the subject to be reached with hands and knees at the same time; this resulted in a
significant reduction of the forces applied to the push panel. Enlarging the distance to 110 or 120%
of the subject's Thumb-tip Reach, however, allowed them to push very strongly, since they could
wedge themselves between push panel and wall with their legs straight and their feet against the
wall. Frequently. the subjects lifted themselves compleely off the Boor. An additional increase of

the distance between push panel and wall is 130% of Thumb-tip Reach proved to be too far to al-
low such push exertion and resulted in a loss of applicable force.
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Conclusion
Of all experiments conducted, this manner of force application was by far the most effective.

Pushing backwards either (a) with hands and knees against the wall at close distances or (b) at
greater distances with legs straight and Uth feet against the wall, was highly successful. At the
shorter distance, even weak subjects (5th percentile) could exert at least 75 kp. At the larger dis-
tances, over 100% of their reach capability, they could apply at least 100 kp.
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Expedment 7

LATERAL PUSH EXERTED BY WEDGING THE SHOULDERS

BETWEEN PUSH PANEL AND VERTICAL WALL

MAXIMAL STATIC PUSH FORCES ADJUSTMLNTS OF PUSh PANEL AND WALL

HEIGHT Horizontal DISTANCE
ezated horzontay of the center betweUSh Panel

n the push panel of the push panel

Trial Mean SD Sth % of Mean SD % Of Mean SD
No. kp kp % N AH" n ens BS, c cm

7.1 135.9 42.6 57.6 42 100 145.S 4.6 80 38.9 2.4

7.2 91.6 39.0 42.9 42 100 90 43.6 2.7

7.3 43.3 20.7 16.4 25 100 100 48.7 3.1

"Acraomial Height (Shoulder Height); see Appendix II.
fBfleltoid Breadth (Shoulder Breadth), see Appendix II.

FPIum 11. Rmlfh of ,xpedmet 7.
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EXPOWN T 77- Commews

Body Poa•ilon

In the two shorter distance adjustments between push panel and wail, no difficulties in body
placement and positioning were encountered. Although the adjustment to 80% of the individuals
Bideltoid Breadth was rather narrow, it could be used by all subjects since the center of the push
panel was at Acramial Height, which is somewhat higher than the poirt at which the largest
Bideltoid Breadth occurs. When distance between the push panel and wall was greatest, however,
17 of the 42 subjects could not apply any force at all to the push panel in the required way; for
them, a distance corresponding to 100% of their Bideltoid Breadth at Acromial Height was tr'-
ample for their shoulders.

Force•

Statistics - The range of exerted forces is very large, the means being 136, 92, and 43 kp, re-
spectively, at the vl&ree distance adjustments. All differences between the means were found to be
highly significnt statisticaly.

Effects of Distance Adjustments - At the shortest distance adjustment, 80% of Bideltoid
Breadth, the subjocts could exert rather large forces by wedging their shoulders between wall and
push panel. At a distance corresponding to 9:09 of Bideltoid Breadth, their shou!ders were much
less compressed and the force that they Lould app'y to the push panel by attemping lateral expan-
sion of their shoulders significantly reduced. The widest, adjustment, 100% of Bideltoid Breadth
between the push panel ard wall, proved to be too geat for many subjects. The rermining sub-
jects iou;d apply only relati',efy small forces.
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Conclusion
This manner of exetting force appears to be rather impractical. Only in very uwoom t"

narrow spaces, which are distinctly smaller than shotilder breadth, can large fer" be exwfte
If the space is widened only slightly, a steep decline of the "xertable force occurm



Experiment 8

LAfF,.AL PUSH WITH ONE HAND

REACTION FORCE PROVIDED BY A VERfICAL WALL

The push is exerted with the preferred hand; the opposite
shoulder i.4 acainst the wall.

MAXIM 4AL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL
SHEIGHT Horizontal DISTANCE

:•exerted horizontally o h etrbtenns ae

on the push panel of the center betweenpush panelof the push panel andwal

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AH* cm cm LTRf cm cm

8.1 29.1 3.4 1- 42 100 145.9 4.6 50 54.4 1.9

3.2 34.5 10.0 18.8 44 10A 60 65.3 2.4

8.3 55.3 18.3 33.5 44 100 70 76.2 2.8

8.4 76.0 19.4 44.4 43 100 80 87.0 3.3

8.5 62.2 21.4 32.3 43 100 90 98.0 3.7

8.6 26,9 11.6 8.7 38 100 100 108.9 4.0

*Acromial Height (Shoulder Height); see Appendix II.
fLaterbý Thur.b-tip Reach; see Appendix II.

Figure 12. Results of experiment 8.
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EXPERIMENT 8 - Comments

Body Position

At the closest adjustment between push panel and wall, the pushing arm had to be distinctly
bent; the greater the distance, the more the plshing arm had to be extended. The farthest adjust-
ment between push panel and wall caused the subjects to place their fingertips instead of their
palms against the wall. Some subjects, however, could not reach the push panel at all if they kept
one shoulder against the wall as required.

Forces

Statistics - The magnitude of the exerted forces is small to moderate, the spread of the means
relatively large, falling between 27 and 76 kp. T'he statistical test of the differences between the
means yielded the following results:

8.2 s o=Null hypothesis maintained.

s-=-Null hypothesis rejected:
8.3 s s forces exerted at the two com-

•yared conditions are significant-
Sdifferent from each other.

8.4 s s s

8.5 s s F s

8.6 o s s s s

8.1 8.2 8.3 8.4 8.5

Effects of Distance Adjustments - Both the closest and the farthest distance adjustments,
corresponding respectively to half and to full Lateral Thumb-tip Reach, were about equally un-
favorable for exertion of push forces. The closest adjustment required a severe bending of the push-
in- arm at the elbow with great mechanical disadvantage. The farthest adjustment forced the
subjects to push with their fingertips instead of with the palm of their hand. Thus, the force reg-
istered at the push panel was not so much determined by the muscular strength, but by the tol-
erable thrust and pain in the fingers. Distance adjulstments of between 70 and 90% of the individu-
al's lateral Thumb-tip Reach allowed the most forceful pushes, exerted with the arm held more or
less straight by attempted expansion of the shoulders or by a slight attempted rotation of the
shoulder girth with regard to the lower part of the body.
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Conclusion
Lateral push with one arm, the opposite shoulder against a wail, is very ineffectfvef for me-

chanical reasons if the distance between push panel and wall is either 50, 60 or 100% of the Later-
al Thumb-tip Reach. If the distance between push panel and wall is in the range from 70 through
90% of the lateral reach, force is exerted with the arm held straight and by attempted e:xpansion
or rotation of the shoulders. In this position, even weak operators (5th percentile) could exert at
least 32 kp.
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Experiment 9

LATERAL PUSH WITH ONE HAND

"REACTION FORCE PROVIDED BY A VERTICAL WALL

The push is exerted with the preferred hand; the other hand is
flat against the wall, the arm straight.I

ADJUSTMENTS OF PUSH PANEL AND WALL

MAXIMAL STATIC PUSH FORCES HEIGHT Horizontal DISTANCE
exerted horizontully of the center between push panel
on the push panel of the push panel and wall

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AH" er cm Spant cm Cm

9.1 37.4 13.9 16.9 30 100 145.9 4.6 50 92.1 3.2

9.2 35.3 12.7 19.1 41 100 60 110.5 3.8

9.3 52.9 16.7 27.7 4] 100 70 129.0 4.5

9.4 72.1 19.4 43.7 42 100 80 147.4 5.1

9.5 33.1 13.5 14.7 37 100 90 165.7 5.7

*Acromial Height (Shoulder Height); see Appendix II.
tSee Appendix II.

Figure 13. Results of experiment 9.
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EXPERIMENT 9 - Comments

Body Position

The subject had to keep his non-preferred arm straight and horizontally extended toward the
wall. The other arm was more or less bent depending on the distance between wall and push
panel. The smallest distance proved to be too small for some subjects, who could not keep one arm
straight even when the other was totally bent. At the distance equaling total Span, the subjects
had to apply force to the push panel with their fingers instead of using the palm of the hand.

Forces

Statistics - The magnitude of the exerted forces is small to moderate, the spread of the means
is relatively large, the means falling between 33 and 72 kp. The statistical test of the differences
between the means yielded the following results:

9.2 0 o= Null hypothesis maintained.

s=Null hypothesis rejcted:
9.3 s s forces exerted at td.. two com-

pared conditions air signficant-
lydifferent from each other.

9.4 s s s

9.5 o o s s

9.1 9.2 9.3 9.4 9.5

Effects of the Distance Arrangements - Short distances between push paiel and wall
(equaling 50 to W0% of the individual Span't as well as the longest distance (100% of Span),
provided a rather unfavorable condition for force exertion. The narrow space forced the subjects
to push at the push panel with a severely bent arm oith great mechanical disadvantage. The farth-
est adjustment used was in fact too great to allow force exertion with the palm of the hand against
the push panel; thus, the force had to be applied with the finger tips. In this position, the obtained
scores represent not so much the muscle strength of the subjects but the stress and pain they were
willing to tolerate in their fingers. At distances corresponling to 70 or 80% of the individual Span.
moderately large forces could be exerted. The 70% distance caused only slight bending of the
pushing arm. while at 80% the subjeits could wedge themselves betwen wall and push panel with
both arms held staight.
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Conclusion
Within the experimental limitations, both the shortest and the longest adjustments of the dis-

tance between push panel and wall were about equally unsuitable for force exertion in the pr2-
scribed way, since the operator was forced to exert iorce with great mechanical disadvantage. If
the distance between push panel and wall was set to 70% or, better, to 80% of Span, moderate force
could be exerted by the subject with his arms locked straight between the opposing surfaces; weak
subjects (5th percentile) could exert between 28 and 44 kp.
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Experiment 10

FORWARD PUSH WITH ONE HAND

REACTION FORCE PROVIDED BY A VERTICAL WALL

The push is exerted with the preferred hand. Both shoulders must
touch the wall.

MAXIMAL STATIC PUSH FORCES ADJUSTMENTS OF PUSH PANEL AND WALL

exerted horizontally HEIGHT Horizontal DISTANCE
onethed phorponealy oof the center betweenjpush panelof the push panel an wall

Trial Mean SD 5th % of Mean SD % of Mean SD
No. kp kp % N AH" cm cm Thf cm cm

A0.1 26.8 6.6 14.9 39 100 15.9 4.6 50 41.0 2.2

10.2 30.3 7.2 16.0 40 100 60 49.3 2.6

10.3 36.9 9.8 21.8 39 100 70 57.5 3.1

10.4 53.1 14.6 29.4 40 100 80 65.7 3.5

10.5 50.3 17.4 24.7 40 100 90 74.0 4.0

10.6 43.7 17.8 19.3 35 100 100 82.2 4.

*Acromial Height (Shoulder Height): see Appendix I1.
tThumb-tip Reach; see Appendix II.

Figure 14. Results of experiment 10.
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EUMMNT 10- Cmnnmnh
Body Podure

While pushing forward with the preferred hand, the subjects placed their feet below or slight-
ly forward of the trunk. Since the subjects were required to keep their shoulders against the wall
while pushing, they had to place their fingertips instead of the palm of the hand against the push
panel when the distance between push panel and wall was adjusted to 100% of the Thumb-tip
Reach.

Force#
Statistics - The exerted forces are rather small, the means lying between 27 and 53 kp. The

statistical test of the differences between the means yielded the following results:

10.2 s o = Null hypothesis maintained.

s=Nuli hypothesis rejected:
10.3 s s forces exerted at the two com-

pa•ed conditions are signifcant-
lydifferent from each other.

10.4 s 3 s

10.5 s s s o

10.6 F s s s s

10.1 10.2 10.3 10.4 10.5

Effects of Distance Adjustments- Increasing the distance between push panel and wall
from 50 to 80% of the individual Thumb-tip Reach resulted in considerable gains of exerted force.
However, at the longest distance, 100% of reach, the force applied to the push panel was reduced
according to the thrust and pain that the subject could tolerate in the force-transmitting fingers. At
distaixcs between push panel and wall corresponding to 80 or 90% of the individual's Thumb-tip
Reach, the subjcct could lock himself be.-,ecn wall and push panel with straight arm; this en-
abled him to exert relatively strong pushes.

Conduskm
Short distances between the push panel and wall caused the subject to push with bent ann.

The longest distance adjustments caused him to push with his fingerti~is instead of with the palm
of the hand. These conditions were rather unfavorable for exertion of push forces. Distance ad-
ju-tments to 80 or 90% of the subject's Thumb-tip Reach allowed him to wedge his boxdy he-
tweeia push panel and wall with a straight arm. This enabled even weak sulbjects (5th percentile)
to exert at least about 2.5 kp
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Section VII
DISCUSSION OF THE RESULTS

In the following, the results of the experiments are discussed in relation to the magnitude cr
forces exertable while the subject is either free standing on the floor or braced against a vertical
wall, and to the amount of force exerted while pushing either with one hand orly or with both
hands or the shoulders or the back.

COMPARISON WITH OTHER EXPER, IMN
As stated in the introduction, only very few studies have been published that deal with the

problem of human strength exertable under realistic, every-day conditons. Amoug the rare ex-
ceptions are Dempster's studies (1965, 1958, 1961), in which pulling vubjects braced themselves
against a footrest while positioning their bodies so as to make greatest possible use of their body
mass as a source of reaction force to the pulls actively exerted. Still. Dempster's irvestigatioms
pu/ capacities do not allow any detailed comparisons with our study on push forces.

Not comparable at ll .are the many studies on static strength of seated operators. The efects
of body, ., of t-o use of rigid surfaces to brace against (Caldwell 1959a, 190D, 1962), generally,
the effects .- the 1, w of force vectors through the body of the subject are very different in the
standing and in -h siitiug position.

Even mnost of the studies on standing subjects cannot be used for comparison, since they nor-
nally were required to maintain an erect body position and could not brace themseles while ex-
erting forces. Under these conditions, the push force is limited by the resistance the body has
against being tilted over, as Rohmert (1960a) pointed out. This also explains, at least partly, Konz'
and Day's findings (19661.

Comparable to our study are the experiments conducted by Streimer and Sr!inger (1963),
and by W. F. Fox ('967). Streimer and Springer adjusted a horizontal bar at -knee height," waist
height,. "chtst height" and "overhead," respectively, and asked their subjects (45 male college
students) to exert their maximum isometric push force horizontally in a single effort. No restric-
tions were imovsed on the subjects with resi-t to the postural positions the), assumed, siLce it
was postulated that given free choice, the subjects would position tn--mselves in the most adequate
and comfortable mainer. Uaforttunately. the form of the push bar .s not described. Not men-
tioned either was the t"pe of footwear the sunimcts smed, nor -.he kind o. 'oor %=rrface or Boor
material ,n which they stood.

For the two-handed and the one-handed pushes. Stre•mer and Springer tabulated the follow.
ing results (in Ib):

il ight Force Exerted Forc" Exerted
of the With Tuw Biaems With Oew iaied
Push Bar Mean SD Mean So

Kne Height 1059 is 320 20
WVais% |leight 113.9 21 T'K.1 18i
Chest Height 92.8 19 730 23
(0•erhead 58.5 14 53.1 13



It is rather difficult to compare these data with ours since: (a) the amount of reaction force
available to the subjects at their feet was very different in the two experiments (limited but un-
known versus infinite in our experiments); and (b) Streimer and Springer did not define what they
measured as "maximal forces" (it could be "peak" forces as well as "mean" forces), finally, (c)
the subject populations as well as the experimental conditions may be different. In general, how-
ever, the results of the two studies seem not to be in disagreement with each other.

W. F. Fox (1967) used a horizontal bar, 2 inches high, raised 24 inches above the floor and
a large vertical plywood board, located above the bar. Against the bar or the board, maximal
isometric push forces were exerted. The subjects either placed both hands against the vertical sur-
faces while pushing forward, or pushed laterally with one shoulder against the board, or pushed
backward. In one part of the experiments, the subjects (52 males, most between 21 and 50 years
of age) could anchor their feet against the rungs of a wooden ladder lying on the floor. (The rungs
were about one inch in diameter, spaced 13 inches apart.) The subjects, free to assume the most
appropriate body position, exerted the following average forces (in lb; Fox used approximately
the same definition for "maximal force" as we did).

Mean SD

Forward push at the board

exerted with both hands 214.5 66.1

Forward push at the bar,
exerted with both hands 202.9 60.2

Lateral push at the board,

exerted with one shoulder 225.7 82.9

Backward push 272.7 67.3

Fox's first two conditions ran be compared roughly with those in our experiment 1; Fox's mean
values are larger than our highest averages. The lateral shoulder push is comparable to our ex-
periment 2; Fox's data approximate our results. Fox's back push conditions may, with caution, be
compared with those in our experiment 6; our data are substantially higher. In our backward
pushes, the subjects braced themselves against a vertical wall, while in Fox's experiments, the
subjects had a "non-slip floor" (i.e., they anchored their feet on the rungs of the ladder). This
is likely to cause different body postures and consequently, differences in recorded forces. Differ-
ences in design and arrangement of the push panels in Fox's and our experiments may, among
other reasons, account for the discrepancies in the forces exerted in the forward pushes. In gen-
eral, however, the similarity of Fox's and our data is obvious.

52



I

OPERATOR FREE STANDING (EXPERIMENTS I AND 2)

1 2

In both experiments, the subjects pushed horizontally while free standing, using as a body
brace only the footrest, which prevented their shoes from sliding backward on the floor. The basic
lifference between the experiments was that push was exerted in experiment 1 with the hands
ind in experiment 2 with one shoulder.

The patterns of the results obtained in both experiments are very similar (see figures 5 and 6,
pages 12 and 16). The more diagonally the subject could lean against the push panel, the better
he could wedge his body between the panel and the footrest, and the larger the form.es he could
apply to the push panel. The magnitude of the forces exerted in the two sets of experiments, how-
ever, are distinctly different from each other. Pushing forward with both hands is generally less
efficient than pushing laterally with the preferred shoulder. This becomes quite obvious when the
exerted forces are tabulated according to directly comparable conditions in which the same height
and distance adjustments of the push panel are used:

Trial Number Mean Force in kp

1.4 versus 2.2 56 versus 63

1.5 versus 2.3 55 versus 65

1.7 versus 2.5 64 versus 71

1.8 versus 2.6 70 versus 74

The null-hypothesis may be maintained (t-test) only for the last pair of data. This constitutes
the very best experimental condition for forward push with both hands, while considerably larg-
er forces than even 74 kp can be exerted with the shoulders under other conditions (trials 2.7, 2.8,
2.9, page 16).

In the first experiment, hands and arms are apparently the weak links in the chain of body
parts transmitting force from the push panel to the floor through the body. In the second experi-
ment, the flow of force vestors is through shoulders, trunk and legs only, omitting the relatively
weak arms and hands; therefore, the shoulder pushes are generally stronger than the hand pushes.



OPERATOR BRACED, PUSHING FORWARD WITH BOTH HANDS OR BACKWARD
(EXPERIMENTS 3, 4, 5, AND 6)

3 4 5 6

In these experiments, the subjects were provided a vertical wall against which to brace them-
selves during exertion of pushes. In experiments 3 and 4, they had their backs against the wall,
standing more or less upright and pushing at about shoulder height. In experiment 5, the subjects
had to lean forward to push, keeping one foot flat against the wall. In all these experiments, the
subjects had to push forward, but in experiment 6 they pushed backwards, bracing their hands or
knees or feet against the supporting wall.

To facilitate comparisons of the results, experiments 3, 4, and 6 were planned so that the dis-
tance adjustments would overlap; adjacent distance adjustments were used in experiment 5.

In experiments 3 and 4, the subjects exerted force in similar ways; therefore, the general pat-
tern of results and the magnitude of the exerted forces are very much alike. In fact, by putting the
graphs (figures 8 and 9, pages 24 and 28) side by side with the necessary overlap, the curve of ex-
periment 4 can be used as the extension of the curve of experiment 3. When pushing at about
shoulder height and standing within a narrow space between push panel and wall, only relatively
small forces can be exerted with bent arms. If the parallel surfaces are moved far enough apart to
allow the subject to push with his arms straight and his back against the wall, he can exert rather
large forces. A greater distance between the wall and push panel causes the subject either to push
with his fingertips, while keeping his back against the wall, or to lean forward from the wall. Both
ways of force exertion are rather ineffective.

An even greater increase in the distance between push panel and wall was investigated in ex-
periment 5 (figure 9, page 28). To reach the push panel with both hands, the subject had to lean
forward, pressing one foot against the wall behind him. The mean forces exerted in this posture
show so.me variations with height and distance adjustment, but have the same magnitude as those
exerted with the back against the wall (though not quite reaching the pcak forces applied with
stiff arms wedged between push panel and wall).

The 5th percentile force is remarkably constant in all three experiments: starting from 30 kp
at the very closest distance between push panel and wall, it rises to over 50 kp if the distance is en-
larged only a little, and then stays close to 50 kp with ever increasing distance. (Taking into ac-
count, of course, the best score if the subjects pushed at the same distance in different body posi-
tions.)
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Experiment 6 (figure 10, page 32) shows that pushing backward with hands, knees or feet
braced against a rigid surface is generally much more effective than any forward push; this is a
common experience, confirmed in this study. The mean as well as the 5th percentile forces of the
backward pushes are without exception considerably higher than any of the forward pushes. The
5th percentile force never falls below 70 kp, it even stays above 100 kp as long as the subject can
wedge himself between the parallel surfaces with his legs extended. While comparing the results of
experiments 3, 4 and 5 with those of experiment 6, it should be kept in mind that, (a) backward
pushes as in experiment 6 require that the surface pushed against be rather low, and that (b) the
range of possible distance adjustments between push panel and the wall to brace against is rather
limited for back pushes. Forward pushes with the hands can be exerted at much higher and at much
more distant push panels than back pushes.

OPERATOR BRACED, PUSHING WITH ONE SHOULDER OR WITH ONE HAND
(EXPERIMENTS 7, 6, 9, AND 10)

_LA

7 8 9 10

In experiments 7 through 10, forces were exerted with either one hand or with ore shoulder,
respectively. The distance between push panel and wall was very short in experiment 7, so that
the subject had to wedge his shoulders between the two surfaces; the distance was gradually in-
creased in experiment 8 so that the subject could push laterally with one hand, holding his oppo-
site shoulder against the wall. In experiment 9, the wall was moved out even more until the sub-
ject had to extend both arms laterally to touch the wall with one hand and the push panel withl
the other hand.

Wedging the shoulders between narrowly spaced surfaces, as in experiment 7 (figure 11, page
36), is effective only if the space is distinctly less than shoulder breadth; this is a rather uncom-
fortable position. Increasing the distance up to shoulder width resulted in an almost complete loss
of the ability to apply force in this way. In general, this way of force application appears to be ef-
fective only under exceptional circumstances and, therefore, impractical.

Pushing with the preferred hand and keeping either the opposite shoulder (experiment 8,
figure 12, page 40) or the other hand (experiment 9, figure 13, page 44) against the wall is rather
ineffective if the pushing arm must be severely bent; the more it can be extended, the better the
subject can wedge himself between push panel and wall. If the space between the opposing sur-
faces is too wide, the subject has to push with his fingertips instead of with the palm of his hand,
which leads to a drastic reduction of applicable push force.
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Overlapping distance adjustments in experiments 8 and 9 allow superimposition of the force
curves of each experiment. The curves, both of the mean and 5th percentile forces, show great
fluctuation. The sco.o are low at short distancc between push panel and €vall (pushing arm
bent). A first maximum is reached at moderate distance (arm straight, shoulder against the wall);
at only slightly increased distances, the curves fall to a relative minimum (fingertip push or bent
arm, respectively). A second relative maximum appears at large distance (both arms straight) frl-
lowed again by a sharp decline at further increased distance, where it becomes more and more
difficult to reach both surfaces at all.

In experiment 10 (figure 14, page 48), the subject pushed forward with the preferred arm,
keeping his back against the supporting wall, the push panel placed at given fractions of the for-
ward reach capability. This is basically the same as in experiment 8, where lateral push was ex-
erted. It is, therefore, not surprising tc find the same pattern of results in both studies. Little force
is exertable with bent arms if the distance is short between push panel and wall; improvement
occurs with increasing distance, a maximum is reached with straight arms, then the force de-
creases with further increase of the distance between push panel and wall. At the closer adjust-
ments of the wall, lateral and sagittal push are about equally effective, but the maximum of the
lateral push (with straight arm) is somewhat higher. Here, the muscles of the trunk and the legs
can be used to twist the trunk and so to wedge the shoulder and _r". ;tween push panel and wal!.

In conclusion: The horizontal push forces that can be exerted wit' one hand - laterally or
sagittally - against a push panel while bracing the body against an opposite wall depend in a
rather irregular way on the spacing between push panel and wall; in any case, these forces are
rather small, the 5th percentile values being between 15 and 44 kp.

OPERATOR BRACED, PUSHING EITHER WITH ONE HAND OR WITH BOTH HANDS
Experiments 3 and 10 can be compared directly with each other: in both, the same height and

distance adjustments were used. The push panel, fixed at shoulder height, was adjusted between
half and full (thumb-tip) forward reach in 10% increments from the wall, In experiment 3, the
subjects pushed forward with both arms; in experiment 10 they used only the preferred hand.

The pushes exerted with both hands (figure 7) are considerably stronger than those exerted
with one hand (figure 14). This holds true even for the weakest two-hand push as compared to
the strongest one-hand push. (The differences between the means were found to be highly signifi-
cant in the t-test.) At the same distance adjustments, the forces transmitted with both arms are
roughly about double as large as those transmitted with one arm.

For a general survey, the following list of forces exerted while braced at the vertical wall
may be used:

Range of Mean
T-,-Handed Pushes Forces (in kp)

Experiment 3, page 20 60-131

Experiment 4, page 24 7'7-112
Experiment 5, page 28 84- 88

One-Handed Pushes

Experiment 8, page 40 29-76
Experiment 9, page 44 35-72

Experiment 10, page 48 27-53
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Although only experiments 3 and 10 can be compared directly, it is qute obvious that force ex-
ertion with only one arm is generally much less effective than pushing with two arms. When com-
paring the most favorable conditions one one-handed pushes with the most unfavorable circum-
stances for two-handed pushes, the largest forces exerted with one hand just reach the level of the
weakest pushes applied with two hands.

FORCES EXERTABLE FREE STANDING VERSUS BRACED
In pilot studies, short as well as long distances between the push panel and the footrest were

found to be disadvantageous for exerting push forces while free standing. Therefore, only hori-
zontal distances in the range from 87 cm to 131 cm were used in experiments 1 and 2, allowing ef-
fective pushes. The mean forces that could be exerted under these "ideal" conditions lie between
44 and 87 kp (figures 5 and 6, pages 12 and 16).

A wide i ,e of distance arrangements, however, could be used in the experiments with the
vertical wall against which the subjects braced themselves: the smallest mean distance was 39 cm
(experiment 7), the largest 175 cm (experiment 5). At any given distance in this range, the braced
subjects could exert at least the same and often much larger forces than those exerted while free
standing. (See figures 7 through 14, pages 20 through 48). This fact alone leads to the conclusion
that braced force exertion is preferable to free standing pushes.

There is, however, a second important point in favor of braced force exertion. In free stand-
ing experiments, the subjects could place one foot against a footrest, which gave them a perfect
hold on. the floor. In "real world" situations, such "infinite friction" between the footwear and the
floor often does not exist. Normally, the operator finds only limited traction on the ground, the
magnitude of which depends on the shape ard the material of floor and shoes, and on lubri-
cants between them. Under conditions of finite friction, i.e., limited reaction force available, the
operator would slide on the ground if trying to exert very large push forces. Such sliding would re-
duce the exertable push force to values even below those measured in our "ideal" experiments 1
and 2.

No operator can exert larger forces than the reaction forces available to him. For the free
standing operator, this reaction force depends on two factors: on the coefficient of friction be-
tween his shoes and the floor and on the force he transmits from his shoes to the ground in a di-
rection perpendicular to the contacting surfaces. Only some preliminary data on coefficients of
friction between different shoe and floor materials have been measured (Fox, 1967); additional
data are necessary.

An analysis of our data revealed that the weight of the subject does not seem to play a very
important role with respect to the amount of force exerted. This is not so surprising if the body is
held upright (as in experiments 3, 4, 7, 8, 9 and 10), since under those conditions the center of
gravity of the subject's body is above his feet. However, if he is leaning towards the dynamometer
(as in experiments 1, 2 and 5) the center of gravity of his body falls in front of his feet. This cre-
ates a torque that pushes his body towards the push panel. Thus, his weight causes some push
force by ,tself. It seems, however, that the force actively exerted by contracting muscles outplays the
effect of the subject's weight with respect to the push force recorded on the dynamometer. Studies
are being conducted to investigate the relative effects of muscle itrength, weight and friction.

Until additional studies are finished, it is impossible to predict the push forces exertable by
subjects standing on a "slippery" ground (Fox, 1967). It is clear, however, that such forces will be
smaller than those that can be exerted while standing on non-slip floors, as in experiments 1 and 2
(figures 5 and 6, pages 12 and 16).
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MINIMUM FORCES
Average forces generally cannot serve as a design basis. If a mean push force were used to de-

termine, for example, the mass of a piece of equipment that must be pushed by man, then about
half of the personnel, the weaker half, could not move this object. To exclude so many people is
intolerable; only the very weak may be disregarded. The 5th percentile force is generally accepted
as the threshold value for design purposes.

Using the 5th percentile forces, general rules can be established with regard to the horizontal
push forces that may be exerted statically by any population for which our subjects are representa-
tive, and under conditions similar to those in our experiments.

The operator must be free to select (by experience or trial) the most appropriate body posi-
tion and the most advantageous way of exerting force; hence, the general rules are based on the
best rather than on all experimental results. The operator's choice of the most effective manner
of force exertion must not be restricted by size and location of the push panel at which he exerts
force; it should be adequately designed and positioned.

A very small or badly located push panel might allow only one-hand pushes as in experiments
8, 9, and 10. Figure 15 shows the best three mean scores of each of these experiments and the
three highest 5th percentile forces, plotted over the distance between push panel and the opposing
surface against which the subjects braced themselves. As the graph shows, the critical 5th per-
centile forces rarely fall below 25 kp. For all distances between about 50 and 150 cm, 25 kp may
be assumed as the minimum push force which can be exerted with one hand. This rather poor re-
sult indicates how relatively ineffective pushes with one hand are, even if body stabilization is pro-
vided by a vertical wall and if the push panel is adjusted to the most convenient height above the
floor, i.e., to just below shoulder level.

Much more effective are pushes exerted with both hands while leaning against a vertical
wall, as performed in experiments 3, 4, and 5. The three largest mean scores and 5th percentile
forces of each ot these experiments are plotted in figure 16 over the space between push panel and
opposing vertical surface. This figure also contains the relevant results of experiments 1 and 2, in
which the subjects stood on a perfectly non-slip floor, pushing either with both hands or with the
preferred shoulder. Regardless of distance or manner of body stabilization, the critical 5th per-
centile forces cluster close to 50 kp. For all pushes exerted either with ioth bands or with the
shoulder, 50 kp may be assumed to be the minimum push force that can be exerted either while
standing on a non-shp floor or while bracing the body against a vertical surface. To allow selection
of the most appropriate body position, the push panel should be about as wide as the shoulders
and extend vertically from hip to shoulder level.

The most effective way to exert horizontal force is to push backward against a very low board,
placing the hands, and/or knees, and/or feet against a vertical surface (experiment 6). This body
position allows exertion of from 72 to 93 kp if the distance between push panel and opposing sur-
face is between about 60 and 85 cnm; at larger distances (up to about 110 cm), more than 100 kp
can be exerted. Fox's experiments (1967) offer some information on the effectiveness of back pushes
when reaction force is provided to the subject by a perfectly non-slip floor. About 75 kp is the 5th
percentile force, which can be calculated from his data (mean minus 1.65 standard deviations).
This is very close to the lowest 5th percentile forces measured in our experiments. Therefore, it
may be assumed that in back pushes at least 75 kp can be exerted, regardless of whether a vertical
wall or a non-slip floor provide reaction force.
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Section VIII

SUMMARY AND CONCLUSIONS

Forty-five male subjccts assumed 85 different body postures. In each position, they mrted
their maximal isometric force while pushing horizontally forward, laterally, or backward. The"
pushed with one hand, or both hands, or one shoulder, or with their backs, while either anchor-
ing their feet at a footrest on the floor, or while bracing themselves against a vertical wall.

Somewhat simplified, the experimental results may be summarized as follows.
0 Large horizontal static push forces are exertable if the operator can wedge his body between

the vertical surfaces of the push panel and the opposing wall, ard if the fow of force vectors
through his body is about horizontal.

The highest forces can be exerted when pushing backwards (experiment 6) with the
lower part of the back against the push panel, both feet against the wall and the legs almost
completely extended. If the space is narrow, it is almost as effective to place knees and hands
against the wall.

Rather high force can be applied by wedging bt~h shoulders between the wall and push
panel (experiment 7). Unfortunately, the distance between the wall znd panel mtst be ad-
justed to a very uncomfortable 80% of the operator's shoulder breadth to enable him to push
effect'vely.

Keeping both shoulders against the wall and wedging oneself with both arms held
straight and forward between wall and push panel is also rather efficient (experiments 3
and 4); at short distawes, however, the arms have to be bent, which reduces the exertable
force considerably.

* Only relatively small horizontal puih forces can be exerted if the flow of forme voolon fro•
the push panel through the oper*tor's lbody t, the supporting surfa.t is distin.-fly oblique, or il
force is exerted with one arm only.

Placing one foot against a footrest on the floor ind purhing laterally with the preferred
shoulder is slightly more effe:'tive than pushing forward with both hands, either with vw, foo
placed against a wall or anchored at a footrest on the floor (experiments 2, 5 and 1). In the
should-r push, the flow of f"-ce is through the. strong trunk and legs only, while iv. the for-
ward pushes f(nce must he applied wiih the arms, which are relatively weak.

Pressing with unly one ha;.,i results in vak pushes, even if the operator can kwr'.e him•ue
against a vertical wall (exper:ment 10 as compared with experamnet 3). 'hether the pih is
exerted lateraliy (experirnez,•. 8 and 9) or forward (expenmet 10) does not make r wh
difference with regard to the, magnitude af force. If th,- distance between wall and push pue
is either larger or rmaller than WK of the respective reach ccpaolity. only very weak1 ilva
can he exerted.
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A note of caution seems appropriate about the applicability of the experimental data.

Data on human force capabilities, as presented in this report"and as often found ip human
engineering handbooks, are concerned with static muscle strength.

Static, or isometric, force is being exerted if a muscle contracts but does not change its length
during contraction. Dynamic work (which, of course, also includes force exertion) is performed
by alternative contractions and relaxations of muscles, during which their lengths change. In static
control operation, for example, application of static force means that the operator holds the con-
trol in place or applies a "break-away" force while neither he nor the control actually move. Dur-
ing dynamic operation, however, the operator always moves the control with regard to his body,
this motion of the control being effected or at least accompanied by exertion of dynamic energy.

Although muscular efforts are involved both in exertion of static strength and in dynamic work,
one can not be predicted accurately from the other, and training of one may not much affect the
other as discussed by Asmussen, Hansen, and Lammert, 1965; Ball, Rich, and Wallis, 1964; Bender
and Kaplan, 1966; Berger, 1962, 1963; Berger and Henderson, 1966; Chui, 1964; Clarke, 1962,
1968; Colgate, 1966; Dern, Leverne, and Blair, 1947; Gentry and Randall, 1966; Harrison, 1963;
Hunsicker, 1955; Ikai and Steinhaus, 1961; Kogi, Mueller, and Rohmert, 1965; Kroemer, 1967b,
1969; Martens and Sharkey, 1966; Mueller, 19962, 1964; Pearson, McGinley and Butzel, 1963; Pet-
ersen, 1962; Rasch and Pierson, 1963; Singh and Karpovich, 1966; Smith, 1964, and Tornvall, 1963.

Data on static force capabilities should not be used for equipment evaluation if dynamic work
is to be periormed by the operator.

0 Keeping the limitations of the reported data in mind, the following rules of thumb may be
used to estimate the magnitude of static (isometric) push forces which can be exerted horizontally:

(a) At least 25 kp (55 lb) may be exerted with one hand if the operator can brace him-
self against a vertical wall located 50 to 150 cm (20 - 60 in.) from the push panel.

(b) At least 50 kp (110 lb) may be applied with both hands or with the shoulder if the op-
erator can brace himself against a vertical wall 50 to 175 cm (20 - 70 in.) from the push panel, or
if a non-slip floor is available to him.

(c) At least 75 kp (165 lb) may be exeited in backpush if the operator can brace himself
against a vertical wall located 60 to 110 cm (23 -43 in.) from the push panel, or if a non-slip floor
is available to him.

(d) Exertion of these push forces requires a suitable push panel. Its surface should be ver-
tical and large enough to allow force application either with the hands, the shoulder, or the back.
It shodld be about 40 cm (16 in.) wide, start at approximately 50 cm (20 in.) and end at about
125 cm (50 in.) above the flcor. The surface of the panel should be rough enough to provide a
large coefficient of friction.

"Siaoe the values are only estinates, they are rounded to convenient numbers.
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Appendix I
SAMPLE DATA BLANK

ANTHROPOMETRIC DATA OF THE SUBJECTS

Measured by --------------------------------------------- Date----------- Subject No.------- ------

Name -- ------ ---------------------------------- . ---- Age --------------- yrs. righthanded(
nearest birthday lefthanded()

MARK: Acromion r, Biceps r & 1, Tibiale r, Calf r & 1

Subject Standing 14. Thumb-tip Ficach _.-------------------------cm

1. Weight ------------------------------------- -~ 15. Span ------------------------ ------ --- cm

2. Grip Strength I ----- ----------- --------- kp 16. Humeral Breadth, right------------------- cm

3. Stature ---------------------------------------- cm 17. Humeral Breadth, left ---------------------- cm

4. V'romial 1!eight-------------------------- cm

5. Tibiale Height------------------------------ cm Subject Sitting

5. Biceps Circumference, right 1.FmrlBedh ih -------------- c

Flexed ------------------------------------ cm 1.FmrlBedh et---------------

Reax I ---- ---- ----------------------- m 20. Sitting Height ------------------------------- cm

21. Knee Height, right------------------------- .cm
7. Biceps Circumference, left

22. Bideltoid Breadth _.--- --------------cm
Flexed ------------------------------------- cem

Relxe ----------- --- ----------------- cm 23. Buttock-Knee L~ength, right ---------- cm

8. UperThig C.righ cm Subject Standing

9. Lower Thigh C., left-----------------------cm Skinfolds:

10. Calf Circ., right ---------------cm 24. Triceps --- ---- ----- --------- cm

ii. Calf Circ., left ----- -- ------- -------- ----- cm 25. Juxtanipple -----cm

12. Grip Strength 11----------- ---kp 26. Subscapula ----- cm

13. Lateral Thumb-tip Reach --------------- cm 27. Grip Strength III------------------- --- ---- kp
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Appendix II
DEFINITIONS OF ANTHROPOMETRIC MEASUREMENTS

The following definitions of the anthropometric measurements appear in the same order and
numbered as in Sample Data Blank (Appendix I). The definitions rely heavily on those used by
Hertzberg, et al. (1954, 1963) and by Clauser, et al.* Geaerally they comply with the rules
recommended by the 1967 Conference on Standardization of Anthropometric Techniques and
Terminology (Hertzberg, 1968).

1. Weight - The subject is nude or wears undershorts. The scale is read to the nearest half
kilogram.

2. Grip Strength I - Subject stands relaxed. Subject is instructed to place Smedley dynamom-
eter in his preferred hand, adjust the grip width to suit himself and squeeze the dyn~anometer
as hard as possible. The scale is read to the nearest half hilopond.

3. Stature - Subject stands erect leJking directly forward (head oriented ii. the Frankfort
plane). With the anthropometer arm firmly touching the scalp measurp, the ve. dcal dirtance from
the standing surface to the top of the head.

4. Acromial Height - Subjet-t stands erect. Using the.. aatlropazeter, measure the vertical
distance from the standing surface to the most lateral margin of the right acromial process.

5. Tibiale Height - Subject stands erect. Using the anthropometer, measure the vertical dis-
tance from the standing surface to the medial margin of the head of the right tibia.

6. Biceps Circumference, Righi

Flexed: Subject stands, supinates his forearm, makes a fist, and bends the elbow about 90
degrees while holding his upper 0 rnn liorizuntally. Holding the tape perpendicular to the long axis
of the upper arm, measure the circumference of the arm at the lev-i of the greatest anterior pro-
trusion of the biceps.

Relaxed: Subject stands, his arm relaxed at his side. Holding the tape perpendicular to the
long axis of the upper arm, men'sure the circ-uferene cf thc ami a. tlhe level where Flexed Biceps
Circumference is measured.

7. Biceps Circumference, Left

Flexed: Same as for Biceps Circuimference, R'ght - Flexed, Item 6.

Relaxed: Same as fcr Bice,3 Clrcu'ife;epce, P ght - Rf.axed, Item e.

8. Upper Thigh Circumference: Subject stands with his legs slightly apart. Holding the tape
in a plane perpendicular to the long axis of the thigh, measure the circumference of the right
thigh at the level of the gluteal furrow.

9. Lower Thigh Circumference: Subject stands. Holding the tapl in P he izoatal - lan, mea-
sure the circumference of the right thigh at the inferior margin of the relaxed lateial vastus mus-
cle.

10. Calf Circumference, Right: Subject stands. Holding the tape in a horizortal elane, mea-
sure the maximum circumference of the calf.

11. Calf Circumference, Left: Same as for Calf Circumference, Right, Item 10.

"Anthropometry of Air Force Rated Officers - 1967. Technical Report in preparation.

64



12. Grip Strength II: Same as Grip Strength I, Item 2.

13, Lateral Thumb-tip Reach: Subject stands erect with his side toward a vertical surface, his
shoulder touching the wall. His preferred arm is extended laterally and perpendicular to the ver-
tical surface, the tip of his index finger touching the tip of the extended thumb, the thumb in the
plane of the extended arm. Using the anthropometer, measure the horizontal distance from the
vertical surface to the tip of the thumb.

14. Thumb-tip Reach: Subject stands erect with heels, buttocks, shoulder blades and head in
contact with a vertical surface. His preferred arm is extended forward and perpendicular t, he
vertical surface, the tip of his index finger touching the tip of the extended thumb, the thumb in
the plane of the extended arm. Using the anthropometer, measure the horizontal distance from the
vertical surface to the tip of the thumb.

15. Span: Subject stands erect, his arms and hands extended laterally and horizontally. The
longest finger of one hand is touching a vertical surface. Using the anthropometer, measure the
horizontal distance from the vertical surface to the tip of the longest finger of his other hand.

16. Humeral Breadth, Right: Subject bends his elbow at about a right angle. Applying firm
pressure to the tips of the spreading caliper, measure the maximum breadth between the humeral
epicondyles.

17. Humeral Breadth, Left: Same as Humeral Breadth, Right, Item 16.

18. Femoral Breadth, Right: Subject sits with his knees bent at about right angles. Applying
firm pressure to the tips of the spreading caliper, measure the maximum breadth between the
femoral epicondyles.

19. Femoral Breadth, Left: Same as Femoral Breadth, Right, Item 18.

20. Sitting Height: Subject sits erect looking directly forward (head oriented in the Frank-
fort plane). With the anthropometer arm firmly touching the scalp, measure the vertical distance
from the sitting surface to the top of the head.

21. Knee Height, Sitting: Subject sits, his feet resting on a surface so that the knees are bent
at about right angles and the thighs horizontal. Using the anthropometer, measure the vertical dis-
tance from the footrest surface to musculature of the right knee directly above the lateral juncture
of the posterior surfaces of the upper and lower leg.

2. Bideltoid Breadth: Subject sits erect, his upper arms hanging at his sides, and the elbows
bent so that the lower arms are horizontal. Using the beam caliper, measure the horizontal dis-
tance between the maximum lateral protrusions of the right and left deltoid muscles.

2.3. Buttock-Knee Length: Subject sits erect, his feet resting on a surface adjusted so that the
knees are bent at about right angles and the thighs are horizontal and parallel. Using the beam
caliper, measure the horizontal distance from the rearmost surface of the right buttock to the front
surface of the right kneecap.

SKINFOLDS
24. Triceps: Subject stands with his arms relaxed. Grasping a skinfold midway between acro-

mion and the tip of the olecranon (located with the elbow flexed 90 degrees) on the back of the
right arm and parallel to the long axis of the arm, measure the thickness of the skinfold with a
Lange skinfold caliper.



/

25. Juxtanipple: Subject stands relaxed. Grasping a skinfold about midway between the right
nipple and the tight anterior aziflary crease and parallel to the lines of Lynd, measure the thick-
ness of the skinfold with a Lange skinfold caliper.

26. Subscapula: Subject stands relaxed. Grasping a skinfold just below the inferior angle of
the right scapula, parallel to the lines of Lynd, measure the thickness of the skinfold with a Lange
skinfold caliper.

27. Grip Strength III: Same as Grip Strength I, Item 2.
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